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HAIR ROOTS OF THE HUMAN SCALP IN THYROID DISEASE*
J. GRAHAM SMITH, JR., M.D.,t GERALD D. WEINSTEIN, A.B. AND JANICE M. BURR, M.D
Thyroid disease has been known to be associ-
ated with changes in scalp hair for many years.
The coarse, thick hair of the hypothyroid patient
and the fine, silky hair of the thyrotoxie patient
were clinical aids which the astute clinician
utilized in the diagnosis of thyroid disease before
the development of such highly refined tests as
the protein-bound iodine and the radioactive
iodine-uptake tests.
Individual epilated hairs following x-irradia-
tion (1, 2) and in various diseases (3) have been
studied. It was not until the introduction by
Van Scott, Reinertson and Steinmuller (4, 5) of
a technic for examining many hair roots, however,
that it became practical to study changes in the
growing portions of hairs in various diseases. The
occurrence of abnormalities of the hair in thyroid
disease, as well as the occasional association of
hypo- and hyperthyroidism with diffuse alopecia,
directed attention to these diseases.
MATERIALS AND METHODS
The technic of plucking and examining hair
used was that developed by Van Scott, Reinert-
son and Steinmuller. Scalp hair from white adults
was plucked, using a surgical needle-holding
forceps, both jaws of which had been flattened
by filling their central depression and ridges with
solder. Hair was plucked from the parietal-
occipital area of both sides of the scalp with a
quick forceful motion perpendicular to the scalp.
Approximately 50 hairs were plucked from each
side of the head. The proximal ends of the ex-
tracted hairs were cut off and examined in a
1.5 x 5.5 em. glass petri dish, the bottom of
which was covered with tap water. A grid pattern
was made in the bottom of the dish to facilitate
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counting with a dissecting microscope. Subdued
transmitted light produced the most satisfactory
illumination.
The hair roots, as well as the clinical and
laboratory findings, of 14 subjects with spontane-
ous hypothyroidism and S with hyperthyroidism
were studied. All of the patients with thyroid
abnormalities were evaluated independently by
one of us without knowledge of the results of
the hair studies. The persons with thyroid ab-
normalities were classified into two groups:
"treated or untreated spontaneous hypothyroid"
and "thyrotoxic at any time". In most cases the
basal metabolic rate, serum cholesterol, protein-
bound iodine, radioactive iodine uptake and
radioactive iodine uptake after administration
of thyrotropic stimulating hormone had been
performed (6).
The hair of patients with thyroid abnormalities
was compared with that of 75 individuals, includ-
ing patients with a variety of diseases and endo-
crinopathies and normal healthy adults.
A differential count of the hairs plucked from
each individual included: stage of hair cycle,
that is, anagen (growing), catagen (transitional),
or telogen (resting), and the presence or absence
of an internal root sheath investing the matrix of
the hair bulb. The percentage of hairs plucked
which were growing and which had an internal
root sheath was calculated for each subject. In
Fig. 1, the typical findings are illustrated. Hair
t' 1 has an intact internal sheath investing the
hair bulb, whereas in hairs *' 2—4, the internal
root sheath which invests the bulb is absent, per-
mitting swelling of the upper portion of the bulb
in the hypotonic water.
RESULTS
Initially, interest centered on the percentage
of growing hairs in patients with spontaneous
hypothyroidism, because of the hair loss that
such patients exhibit. Several patients (#1, 2
and 7 in Fig. 2) did demonstrate low percentages
of growing hair as compared with the mean
(78.1) of our control group (Chart 1) and the
mean previously reported by Van Scott et gil.
(84). However, other patients with spontaneous
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Fio. 1. Normal growing hairs. Variations in the internal sheath seen alter pineking.
hypothyroidism had normal percentages of
growing hairs. It was usually possibic to predict
those persons who would have low percentages
of growing hairs since they usually had a history
of excessive hair loss.
The striking change observed was the low
percentage of hairs from hypothyroid subjects
having an intact internal root sheath, while
hair from thyrotoxic patients was found to show
a high percentage of hairs with internal root
sheaths still investing the bulb of the hairs.
Fig. 2 shows graphically the percentages of
growing hairs and hairs with internal sheaths in-
vesting the bulb of 14 patients with spontaneous
hypothyroidism. Where two or more columns
are given for one subject, repeated plucking
studies have been done on separate occasions.
Fig. 3 shows the counts done on the hair
plucked from 8 patients who had been thyrotoxic
at any time. Patients 7 and 8 (Fig. 3) were treated
for tbyrotoxicosis more than 5 years prior to
study and have been hypothyroid for periods of
9 and 17 years respectively.
Fig. 4 has been derived from all of the data and
summarizes the findings of the control group as
compared with the two thyroid groups.
FIG. 2. Hair studies on spontaneous hypothy-
roids. Two or more columns under same number
indicate repetition of plucking studies in same
patient.
Duration and treatment of spontaneous hypo-
thyroidism did not affect the finding of a low
percentage of hairs with internal root sheaths.
However, in two instances thyrotoxic individuals
previously treated 5 years or longer, who had
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subsequently become hypothyroid, had a some-
what low percentage of hairs with an intact in-
ternal root sheath.
In testing the statistical significance of the
difference in percentages of hairs with internal
sheaths between the patients with spontaneous
hypothyroidism, controls and thyrotoxic patients,
a nonparamctric test, the Wilcoxon-Wlhitc two
sample rank test was used (7). Fig. 5 shows that
the frequency distributions of percentage of hairs
with internal sheaths do not approximate the
normal curve. This is particularly true of the
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FIG. 5. Frequency distribution of per cent of
hairs with internal sheaths in thyrotoxics, spon-
taneous hypothyroids and controls.
spontaneous hypothyroids and thyrotoxics. The
commonly used t-test is a parametric test de-
pending upon the assumption of a normal curve
distribution and using parameters of the mean
and the standard deviation, therefore, it is not
appropriate in this situation. Although the
standard deviation is still a measure of the scatter
of individual observations, it can be seen in Fig. 5
that two-thirds of the individuals in the popula-
tion do not fall in the interval mean 1 standard
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FIG. 3. Hair studies on thyrotoxics. Two col-
umns indicate repetition of plucking studies in
same patient.
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FIG. 4. Summary of results of hair studies on
hypothyroids, controls and thyrotoxics.
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deviation nor are 95 per cent in the interval
mean standard deviations, as would be true
for a normal distribution. Nonparametric tests
do not depend on the assumption of a normal
curve distribution. No matter what the shape of
the frequency distribution, the median always
indicates the midpoint.
It is found that it is highly unlikely that these
medians (Table 1) are the same (p < .00 1) for
the comparison of spontaneous hypothyroid with
thyrotoxics as well as spontaneous hypothyroids
with the controls. P = approximately .05 for
comparison of thyrotoxics and controls, therefore,
the differences between the spontaneous hypo-
thyroids and either the thyrotoxics or the controls
are statistically significant and the differences
between the thyrotoxics and the controls are of
borderline significance.
The mechanism that accounts for these ob-
served differences is not clear. The susceptibility
to rupture of the internal sheath at the bulb
varies in different thyroid states and the likeli-
hood of its remaining attached to the lower hair
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shaft or remaining in the dermis during the
plucking procedure correspondingly varies.
SUMMARY
In a group of 14 subjects with hypothyroidism,
plucked hairs had a significantly lower percentage
with an internal root sheath investing the hair
bulb than did hairs from a group of 75 controls.
Conversely, 8 persons who had been thyrotoxic
at any time had a higher percentage of hairs with
an internal root sheath. Thyroid replacement
therapy did not reverse the abnormality in
spontaneous hypothyroidism but thyrotoxic
patients who subsequently become hypothyroid
may develop this change after a period of years.15.2 15.4 21.1 7.8
